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abstract—A lthough cigarette smoking is the strongest known 
risk factor for lung cancer, .the effects of specific smt^iog pirac- 
fices have not been completely characterized. The present study 
examines detarminants of lung cancer risk in a population-based, 
case-control study conducted in New Mexico, 1980-82. The study 
included 521 cases and 769 controls matched for age, sex, and 
ethnicity. Either the index subjects or their next-of-kin were inter¬ 
viewed in person to obtain a detailed history of cigarette smoking 
and information concerning other risk'factors. With the use of mul-- 
tiple logistic regression, a model was constructed of the effects of 
amount smoked, duration of smoking, cigarette type,"and smoking 
cessation on lung cancer risk. Among current smokers, risk 
increased with each additional cigarette smoked per day (P<001). 
For duration of smoking, the risk per year smoked in individuals 65 
years and older was only one-third that in persons under age 65 
years. With regard to cigarette type, a somewhat higher risk was 
found associated with smoking nonfilter cigarettes, but there was 
no evidence of decreasing risk as the extent of filter smoking 
increased. Lifelong filter cigarette smokers and smokers of both 
filter and nonfilter cigarettes were at lower risk than lifelong smok¬ 
ers of nonffiter cigarettes only. In ex-smokers, the pattern of varia¬ 
tion of relative risk with amount and duration was similar to that in 
the current smokers. Excluding those who had stopped for 1 year 
or less, the relative risk declined exponentially with duration of 
smoking cessation (P<.01). These analyses confirm the strong 
benefits of smoking cessation and indicate possible reduction of 
risk from smoking filter cigarettes.—JNCI 1986; 76:597-604. 


Laboratory and epidemiologic evidence has estab¬ 
lished a causal association between cigarette smoking 
and lung cancer {1, 2). In the United States, the majority 
of lung cancers in men and women can be readily 
attributed to tobacco smoking {2, 3). In spite of intensive 
investigation, important issues related to the association 
between lung cancer and cigarette smoking are still 
unresolved (4). While dose-response relationships with 
intensity of cigarette consumption have been demon¬ 
strated, other determinants of risk.for lung cancer in 
smokers remain largely unknown. Commercial ciga¬ 
rettes have contintiously evolved through the addition of 
tikers and other modifications destg[ied to rcUuce lai 
and nicotine yields {4, 5). Reduced risks would be antici¬ 
pated for low-yield cigarettes; however, methodologic 
barriers constrain epidemiologic investigations of low- 
yield cigarettes and beneficial consequences of smoking 
them have not been fully established. In fact, since 
extensive modification of the cigarette began in the 
1950’s, it has only recently become possible to investi- 
.gate smokers with predominant use of the newer 
products. 


In New Mexico, the descriptive epidemiology of lung 
cancer differs in the.State’s Hispanic and non-Hispanic 
whites (5). We have conducted a population-based, case- 
control study of incident ■ lung cancer cases, 1980-82, 
designed to explain the differing occurrence of lung 
cancer in these 2 ethnic groups. The.study questionnaire 
assessed lifetime smoking habits, occupational history, 
residence history, dietary intake of vitamin A, and other 
risk factors. Results related to ethnicity, vitamin. A; and 
occupation have been reported elsewhere {7-9). In this 
paper, we have used the detailed smoking history to 
examine dose-response relationships and the effects of 
consuming different types of cigarettes. 

METHODS 

Case selection .—The present analyses involve subjects 
in a population-based, case-control study of lung cancer 
in New Mexico. The cases were ascertained statewide by 
the New Mexico Tumor Registry, a participant in the 
Surveillance, Epidemiology, and End Results Program 
of the National Cancer Institute (10). The eligibility 
criteria limited the series to non-Hispanic and Hispanic 
white State residents, ages 25 through 84 years, with 
primary lung cancer other than alveolar cell carcinoma, 
diagnosed between January 1, 1980, and December 31, 


Abbrevlation used: OR=odds rado(s). 
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1982. AH cases in Hispanics and in non-Hispanic whites 
below age 50 were included. Non-Hispanic whites, 50 
years of age and older, were randomly sampled at a frac¬ 
tion of 0.40 for males and 0.50 for females. 

This report is based on the 521 cases interviewed as of 
August 1; 1983. The diagnosis was established by histol- 
ogy, cytology, or autopsy for 96.4% of the cases and in 
the remainder by clinical evidence. The overall partici¬ 
pation rate either by the cases (n=274) or by surrogate 
.respondents (n=247) was approximately 91.%. 

• Control selection.—The control series was frequency 
matched, to the cases by age, sex, and ethnicity, at an 
overall ratio of approximately 1.5 controls per case. Two 
methods of control selection were employed. First, lists 
of randomly generated residential telephone numbers 
were screened to identify potential controls. The screen¬ 
ing algorithrn required at least ,6 calls, which covered 
'weekdays, evenings, arid weekends.'For each household, 
the age, sex, and ethnicity of all adults were obtained. 
Individuals in the appropriate strata of age, sex, and 
ethnicity were then selected for interview, but only one 
was taken from each household. Of the 2,108 households 
contacted, a household census was refused by 287 
{r4.2%). Second, because this method did nor efficiently 
identify controls over age 65 years, we also sampled from 
a randomly generated list of New Mexico Medicare par¬ 
ticipants. According to the Health Care Financing 
Administration, over 97% of the State’s population, 65 
years of age and older, is included on the organization’s 
roster. The overall participation rate by persons identi¬ 
fied through these two approaches was 83%. 

Data collection .—Interviews were conducted by bilin¬ 
gual interviewers according to a standardized protocol. 
With the exception of 35 respondents contacted by tele¬ 
phone and 4 cases interviewed in the hospital, all inter¬ 
views were conducted in person in the homes of the 
cases and controls. The questionnaire obtained informa¬ 
tion concerning residence history, occupational history, 
family and personal history of respiratory diseases, and 
diet. A detailed history of cigarette use was collected for 
individuals who had smoked for 6 months or more. 
Because cigarette smokers often stop and then resume 
smoking, a history was obtained for each time period of 
cigarette use including the years of starting and stop¬ 
ping, the average number of cigarettes smoked per day, 
and the number of years that hand-rolled, commercial 
filter, and commercial nonfiiter cigarettes were each 
smoked. A single question was asked'about depth of 
inhalation, which was characterized as: into the mouth 
only, into the back of the throat, into the top of the 

illLU LliC lungb- 

Data analysis .—For the present analyses, cigarette 
smokers were defined as individuals who had smoked 
cigarettes for at least 6 months. Current smokers were 
using cigarettes at the time of interview or had stopped 
smoking within i year of the interview. Ex-smokers had 
slopped smoking permanently more than 1 year before 
the interview. 

The smoking history information was used to calcu¬ 
late various indices of exposure to cigarette smoke (table 


1). The total duration (^^ 9 -^ 12 . (^ 15 ) of cigarette smoking 
was calculated as the sum of the individual periods of 
use. The average number of cigarettes smoked per day 
(yi-Vr, yg) was the time-weigh ted average of the 
number of cigarettes smoked in each period. With 
regard to the types of cigarettes that were smoked, two 
sets of variables were created. First, the percentage of the 
smoking duration that involved filter cigarettes was cal¬ 
culated and used to. create 5 indicator variables 
(1^16- 1 ^ 20 ) and a continuous, variable ( 1 ^ 21 ). The. second 
sei. of variables was the actual number of years that filter 
and nonfilter cigareues were smoked For 

these analyses, the nonfilter category included hand- 
rolled and commercial nonfilter cigarettes. 

Conventional stratified analysis and multiple logistic 
modeling were employed. As required by the frequency 
matching in the study’s design, all analyses included 
appropriate adjustment for age, sex, and ethnicity. For 
current smokers, we first used the Mantel-Haenszel 
method to calculate relative risk estimates separately for 
the effects of amount and duration with adjustment for 
age (2 strata), sex, and ethnicity (11, 12). In this paper, 
we provide the Mantel-Haenszel age-specific OR and the 
Mantel extension x> which tests for linear trend in risk 
with increasing dose (12, 13). For empty cells, 0.5 was 
added as appropriate (12,13). 

To examine further the effects of the various measures 
of cigarette smoking, we used multiple logistic regres¬ 
sion models that were initially developed separately for 
the current smokers and ex-smokers of cigarettes (14, 
15). We evaluated effect modification, i.e., whether the 
level of the one variable modifies the effect of another. 


Table 1.— Measures of tobacco s7noking used in the analyses 

Variable Measures 

Vi Current smoker (1 = ciurent; 0 = never) 

V 2 Ex-smokers (1 = ex; 0 = current) 

ks Age (1 = <65 yr old; 0 = >65 yr old) 

Vi Amount 1 (1 = 1-15 cigarettes/day; 0 = else) 

Fj Amount 2 (1 = 16-20 cigarettes/day; 0 = else) 

Fe Amount 3 (1 = 21-30 cigarettes/day; 0 = else) 

V^ Amount 4(1= 5:31 cigarettes/day; 0 = else) 

Fa No. of cigareues smoked/day (continuous) 

Fi, Duration 1(1 = 1-29 yr; 0 = else) 

Fio Duration 2 (1 = 30-39 yr; 0 = else) 

Fii Duration 3 11 = 40-49 yr; 0 = else) 

V ^2 Duration 4 (1 = >50 yr; 0 = else) 

Fi 3 , Years of smoking (continuous) 

F ]4 • Years offilter smoking (continuous) 

Fj 5 ■ Years of nonfilter smoking (continuous) ■ ■ 

V ii; I’ iiief — iiiu-r only; u = else) 

Fi 7 High filter (1 = 67-99% filter; 0 = else) 

F|8 Medium filter (1 = 34-66% filter; 0 = else) 

Fi 9 Low filter (1 = 1-33% filter; 0 = else) 

V 20 Nonfilter (1 = nonfitter only; 0 = else) 

Fji Percent of smoking duration involving filter 
use (continuous) 

F 22 Inhale (1 = top of lungs or deep into lungs; 0 = 
mouth or back of throat) 

F>:i Years of smoking cessation (continuous) 

V-n Pipe (1 = if ever-pipe use; 0 = else) 

V-ii Cigar (1 = if ever-cigar use; 0 = else) 
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Table 2. — Ethnic, sez, aiid age di^Ddbiitimi of cu.s’f.s anti controls by cigarette smoking status in a case-control study of lung cancer 

in Mew Mexico, 1980-82 


Cig'arette smoking: status 


Ethnic group • 

Sex 

Age, yr 

Current smoker 

Ex-smoker 

Never-smoker 





No. of 
cases 

No. of 
con trols 

No. of 
cases 

No. of 
controls 

No, of 
cases 

No. of 
controls 

Non-Hispanic whites 

d 

<65 

69 

54 

18 

59 

1 

35 



265 

74 

58 

54 

99 

6 

60' ■ 


• ■S’ 

,<65 

■ 45 .. 

. 25, . 

• 8 

17 

■ ■. 2 

47 • 



, St>6 

34 

14 

- 18 ■ ■ 

1'9 -■ 

11- ■ 

■ • 52 

Hispanics 

S 

<65 

24 

22- 

8 . 

18 

0 

9 



>S.5 

38 

30 

17 

28 

2 

21 


9 

<65 

12 

8 

3 

7 

2 

27 



265 

15 

6 

4 

5 

4 

34 


by adding product terms to the models or by running 
the models within specific subsets of the subjects. We 
assessed possible bias introduced by next-of-kin inter¬ 
views by performing the analyses separately within 
groups defined by interview type. 

Two sets of models were used for the current smokers, 
depending on the hypotheses that were being tested; in 
some, never-smokers were the reference category, where¬ 
as in others, only current smokers were included. In 
models including never-smokers, the value of zero was 
assigned to the amount and duration variables for never- 
smokers. Because we found strong and statistically sig¬ 
nificant interaction between age and duration of smok¬ 
ing, their product was included in all models. To 
evaluate the effect of types of cigarettes smoked, we used 
two distinct approaches. In the first approach, we added 
either the continuous or categorical measures of filter 
cigarette use to the model that included amount and 
duration. In the second approach, the duration of smok¬ 
ing was replaced by 2 variables; the years of filter use 
and the years of nonfiltcr use, which together summed 
to the total duration. For never-smokers, these variables 
assumed the value of zero. 

Similar models were developed for the ex-smokers, but 
all models included the duration of smoking cessation. 
Standard programs of the Statistical Analysis System 
(SAS) were used for all analyses {16). 

RESULTS 

The analyses-were limited to the 469 cases and the 764 
controls with complete information on current cigarette 

* * ..17 .,,1 

retie smoking (table 2). Comparison of the excluded 52 
cases and 5 controls vvith the included subjects showed 
no differences in the ethnic and sex distributions, but 
the excluded subjects were significantly older and a 
higher proportion of surrogate interviews had been 
necessary for them. 

Initially, using stratified analysis, we examined the 
effects of duration and amount of smoking in current 
smokers. With never-smokers as the reference category, 
the age-, sex-, and ethnicity-adjusted OR for lung cancer 


increased significantly with increasing duration (Mantel 
extension x = 13.9; P<.001) and amount smokM daily 
(Mantel extension X“14.7; P<.001). The slope of the 
dose-response relationships for effects of amount and the 
duration of smoking decreased with increasing age. 
Because the effects of duration were similar for the age 
categories below age 65 years (<55, 55-64) and those 65 
years or older {65-74, 75-84), we stratified at age 65 
years for the present analyses (table S). With the never- 
smokers as the reference category, significant linear 
trends in OR with increasing duration of smoking were 
observed for both age groups. However, the OR for 
smokers of 30 years’ duration or more were strongly 
affected by age, with much lower values for those 65 
years of age and older. 

We further restricted the analysis to current smokers 
to eliminate the effect of rising lung cancer risk with age 
in the never-smokers (table 4). For those less than 65 
years of age, the OR rose with increasing duration 
(Mantel extension x—4.1; P<.001 and amount of smok¬ 
ing (Mantel extension x=4,8; P<.001). In contrast, for 
those 65 years of age and above, no significant increase 
in risk with increasing duration of smoking was ob¬ 
served (Mantel extension x —O-bO; not significant), but 
the effect of amount of smoking remained statistically 
significant (Mantel extension x—3.5; P<.001). 

For the simultaneous examination of amount and 
duration of smoking, the indicator variables correspond¬ 
ing to the categories in the stratified analysis were 
entered into multiple logistic regression models. Sepa¬ 
rate analyses were performed for the 2 age groups less 
than 65 years and 65 years or older. For smokers less 
th'tr. t-o-irc r,F lin^nr rpintionshios 

of log odds were observed for amount and duration of 
smoking. For smokers 65 years or older, the log odds 
increased significantly with amount but not with dura¬ 
tion of smoking. 

Because linear trends in log odds were observed in 
these analyses, in subsequent models the dose measures 
for amount and duration were the continuous variables 
Ps and Pi 3 , respectively. The logistic regression coeffi¬ 
cients for the amount and duration of smoking effects 
are presented in table 5 for the different populations of 
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Table 8.—Adjusted" OR for lung cancer by age, duration of smoking, and member of cigarettes smoked daily in current smokers relative 
to necer-smokers in a case-control study of Lung cancer in New Mexico, 1980-32 

• 



<65 yr old 


>65. yr old 


'v^ariable 

No. of 
cases 

No. of 
controls 

OR 

No. of 
cases 

No. of 
controls 

OR 


Duration of cigarette smoking 

Never smoked 

5 

118 

l-O* 

23 

167 

LO* 


1-29 yr 

13 

. 31 

12,9 

7 

2 

22,9 


30-39 yr 

61 

•• 50 

37.3 

7 

8 

6.6 


40-49 yr 

68 

36 

57.3 

36 . ■ 

.. .23 • . 



50-59 yr ' • . . 

:8-- • 

. - 2 ■ 

.91.4 ' 

■ 82 • 

53 

l6;l ■- 


>60 yr 

— 


— 

.29- 

22 . 

11;9 


No. of cigarettes daily 

Never smoked 

5 

118 

l.O* 

23 

167 

1.0* 


1-15 

17 

33 

16.2 

40 

44 

8.6 


16-20 

44 

45 

27.6 

64 

43 

12.3 


21-30 

33 

22 

47.1 

22 

10 

22.9 


>31 

56 

19 

89.3 

35 

11 

24.3 


“'Adjusted for sex and ethnicity. • ■ ' 

*^<.001 for the Mante! extension x for linear trend. 



Table 4. — Adjusted" OR for lung cancer by age and duration of smoking in current smokers only in a case-control study 

of lung cancer in New Mexico, 19S0-8S 


Duration of cig'arette smoking:, yr 


OR^ for individuals 
<65 yr old 


OR* for individuals 
2:65 yr old 


OR'' for individuals 
>65 yr old 


1-29 

1.0'' 

1.0' 

3.0' 

30-39 

3.0 

0.3 

40-49 

4.8 

0.6 

1.1 

50-59 

7.9 

1.8 

1.7 

>60 

— 

0.4 

1.1 


" Adjusted for sex and ethnicity. 

* Smokers of 1-29 years' duration as the reference category. 
" Smokers of 1-39 years' duration as the reference category, 
'' Mantel extension x for trend = 4.0: P<.001. 

' Mante! extension x Mr trend = 0.4; not significant. 
•'^Mantel extension x Mr trend = 0.3: not significant. 


Table 5. —Logistic regression coefficients for estimation of lung carwer risk associated with amount smoked and duration of smoking 
1 in current smokers and ex-smokers in a case-control study for lung cancer in Nmv Mexico, 1980-Si 
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smokers. The logistic coefficient for (Vg) estimates the 
increase in log odds for each additional cigarette smoked 
per day. Using the interaction term (UsXFs), we found 
no effect modification by age for amount. The coeffi¬ 
cient for duration (Fis) provides the estimate of change 
in log odds from 1 year of smoking for individuals 65 
years of age or older. The coefficient for interaction 
between age and duration (FsXFq) estimates the excess 
in log odds from I year of smoking in those younger 
than age 65, relative'to the older smokers. This interac¬ 
tion term was significant for both current smokers and 
ex-smokers.' Using the logistic coefficients from the 
model including never-smokers and current smokers, we 
calculated the OR for a current smoker of given dura¬ 
tion, relative to a never-smoker (text-fig. 1). When the 
interaction variable between age and duration is not 
included in the' model, a significant quadratic effect 
of duration is observed (5=—8.6X10““'; P<.od5) (text- 
fig. 1 ). ■ 

The effects of amount and duration of smoking, with 
adjustment for cessation, were the same for ex-smokers 
and current smokers (table 5). The lower logistic coeffi¬ 
cient for amount smoked in ex-smokers 65 years and 
older did not differ significantly from the logistic coeffi¬ 
cients in the current smokers and younger ex-smokers. 
We used a combined model for current smokers and ex- 
smokers to estimate the decline in risk with smoking 
cessation. The risks in the ex-smokers were compared to 
those in a current smoker who continued to smoke the 
same amount while accumulating additional years of 
smoking duration, in comparison to the smoking dura¬ 
tion in ex-smokers. The OR for ex-smokers below age 65 
years declined to 0.49, 0.24, and 0.06 for 5, 10, and 20 
years of smoking cessation, respectively; for those older 
than 65 years, the corresponding OR were 0.73, 0.54, and 
0.29. 

Two approaches were used to evaluate the effect of 
cigarette type on lung cancer risk in the current smok¬ 
ers. First, we employed indicator variables (Fis-F 2 o) or a 
continuous variable (F 21 ) that represented the propor¬ 
tion of the years of smoking that involved filter ciga¬ 
rettes. Second, we partitioned the duration (Fjj) into 


200 | 


SO 





11_1_ \ _I_I_[_i_ 

10 20 30 40 SO 60 

SMOKING DURATION [years) 

Text-figure 1.—OR for lung cancer, by age group, in current smok¬ 
ers of 20 cigarettes per day, relative to never-smokers (OR for 
never-smokers=1). 


years of filter (F^) and years of nonfilter (F 15 ) use. 
Because the smoking practices of the Hispanic and non- 
Hispanic whites differed, we performed the analyses 
separately for the 2 ethnic groups. At all ages, a higher 
proportion of Hispanic males and females had ever 
smoked hand-rolled cigarettes in comparison with the 
non-Hispanic whites. The differences were more promi¬ 
nent among cases. The average duration of smoking 
hand-rolled cigarettes was also longer in the Hispanics 
(table 6 ). Initial separation of the nonfilter cigarettes 
into commercial and hand-rolled types showed that 
generally higher risks were associated with smoking 
hand-rolled as compared to commercial nonfilter ciga- 


Table S.— Average years of smoking specific types for current smokers who ever used a given type by age, sex, ethnicity, and case-control 

status in a case-control study of lung cancer in New Mexico, 1980-32 


Qav 

•\ .vr« t'r 




Average yr of smoking 



Hnnfl-roIleH (‘fgnrette? 

Commercial nonfilter 

Filter cigarettes 

Non-Hispanic 

whites 

Hispanics 

Non-Hispan ic 
whites 

Hispanics 

Non-Hispanic 

whites 

Hispanics 

Male 

<65 

Case 

7.0 

18.4 

22.5 

22.5 

20.8 

22.7 



Control 

7.9 

7.1 

18.9 

13.9 

18.1 

20.0 


>65 

Case 

12.5 

24.1 

32.8 

30.1 

19.4 

14.2 



Control 

9.9 

IG.O 

27.9 

27.3 

24.5 

20.0 

Female 

<65 

Case 

4..“? 

18.3 

18.8 

21.0 

20.5 

15.2 



Control 

6.0 

2.0 

15.1 

17.2 

21.6 

15.3 


>65 

Case 

9.5 

31.7 

29.8 

,■50.6 

21.4 

16.4 



Control 

;!.o 

35.0 

29.G 

14.3 

17.9 

25.8 
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rcttes, but the differences were not significant in any of 
the age-sex-ethnic strata. Consequently, commercial 
nonfilter and hand-rolled cigarettes were combined into 
one [lonfilter category. 

The effects of filter cigarette smoking differed in the 
Hispanic and the non-Hispanic whites (table 7). In the 
Hispanics, the OR declined consistentLy as the propor¬ 
tion of filter cigarette smoking increased; in the non- 
Hispanic whites, filter use was associated with lower 
OR, but a dose-response relationship with the percent¬ 
age of, filter use was not evident.. When'F 2 ! was substi¬ 
tuted for ViQ-Vso, there was significant reduction in risk 
for lung cancer with increased filter use in the Hispanics 
(b = —0.024 per percent; P<.00I), but not in the non- 
Hispanic whites (b = —0.004 per percent; F = ,30). 

Partitioning the duration into years of filter use and 
years of nonfilter use showed a similar pattern by ethnic 
■ -group'(table. 8 ). In the non-Hispanic whites; the coeffi¬ 
cients for the 2 separate cigarette-type variables were 
similar. In the Hispanics, nonfilter'smoking was asso¬ 
ciated, with a significantly higher risk (P<.05). Our con¬ 
clusions did not change when all individuals who ever 
smoked hand-rolled cigarettes were eliminated from the 
analysis. 

Because 47% of the case interviews had been with next- 
of-kin, all the logistic analyses %vere performed sepa¬ 
rately within the self-reported and next-of-kin groups. 
The results for the 2 interview groups were comparable 
and did not alter our interpretation of the analyses. 

The effect of depth of inhalation was evaluated only 
for current smokers with self-reported data. Smokers 
who reported inhalation into the top of the lungs or 
deep into the lungs were at increased risk (OR=2.1; 
P<.005) compared with those who reported inhaling 
into the mouth or the back of the throat only. We tested 
for modification of the effect of inhalation by amount 
smoked; within strata of amount smoked, less than 20 or 
20 or more cigarettes daily, the logistic regression coeffi¬ 
cients for the indicator variable for inhalation were 
b~0.54 (P = .18) and & = 0.80 (P<.05) for the lighter and 
heavier smoking groups, respectively. When the groups 


Table T.—Ethnics'pecific OR for lung eanctr ui. currant xmokem 
by the propoiiion of years that filter cigarettes were used 
in a case-control study of lung cancer in New Merico. lOdV-H-i 


OR in; 


Models" 

Non-Hispanic 

white.s 

Hispanics 

Filter only (I'l^) 

0.80 

0.04'‘' 

67-99% filter (F, 7 ) 

i),71 

0.36'' 

34-66% filter (I is) 

O.oS 

0..'59 

1-33% filter (Fis) 

0.83 

0,56 

Nonfilter only 1 F-n)'' 

i.no 

1.00 


" In addition to age, sex. and ethnic variables, (amount), V'uj 
(duration), and l^iX V'ui (age-duration interaction) were included in 
the models. 


'• ;-’<,05 


■ Reference caiegr>r,v. 


Table 8. — Age- and ethnic-specific logistic coefficients for 
estimation of lung cancer risk, associated unth daration of filter 
and nonfilter cigarette use in a case-control study of lung cancer 
in Neiv Mexico, tDSO-SS 



Logistic coefficients in: 

Models" 

Non-Hispanic 

whites 

Hispanics 


<65 yr 
old 

265 yr 
old 

<65 yr 
old 

265 yr 
old 

Amount (Fa) 
Filter.duration (Fu) 
Nonfilter duration (F 15 ) 

0.049^ 

0.065‘ 

0.064'’ 

■ 6.055‘ 
0.010 
0.026" 

■ 0-.053‘' ■ 
0.052 
0 . 110 '’ 

'0.066" 

0.002 

0.037" 


" Adjusted for age and se,x. 
P<.005. 

‘■P<.0o. 


were combined, an interaction term for a differing effect 
of inhalation with amount smoked was not statistically 
significant (P=,40). 

We evaluated the effect of ever-pipe and ever-cigar use 
by adding variables R 24 and to the models. The 
logistic regression coefficients for these 2 variables were 
insignificant, and their values did not indicate impor¬ 
tant effects on risk. 

DISCUSSION 

This study involved incident lung cancer cases from 
1980 through 1982 in New Mexico’s Hispanic and non- 
Hispanic whites. We confirmed findings from other 
populations with regard to dose-response relationships 
between lung cancer risk and measures of smoking and 
the reduction of risk that follows smoking cessation. 
The collection of detailed smoking information approxi¬ 
mately 30 years after the widespread introduction of fil¬ 
ter cigarettes facilitated an examination of the risks of 
smoking different types of cigarettes. 

We assessed the effects of cigarette type with two dis¬ 
tinct modeling approaches and did not find strong 
benefits from smoking filter cigarettes (tables 7 , 8 ). 
Cigarette type had differing consequences in the His¬ 
panic and non-Hispanic whites (table 8 ). On average, 
the former group had smoked hand-rolled cigarettes for 
more years (table 6 } than the latter group and the smok¬ 
ing habits of the 2 groups may differ in other respects as 
well (8). The findings from the non-Hispanic whites 
can be more readily generalized to other cigarette smok¬ 
ers in the United States, .. .... 

- “ In the non-Hispanic whites, we found somewhat 
higher risks associated with smoking nonfilter ciga¬ 
rettes, but we found no evidence of increasing protection 
with the extent of filter smoking. While few lifelong fil¬ 
ter smokers were included, the OR estimate associated 
with this pattern was comparable to that for smokers of 
mixed types. Lubin et al. (17,18) recently reported simi¬ 
lar analyses from an extremely large case-control study 
in Western Europe. The relative risk for lifelong nonfil¬ 
ter cigarette smokers was approximately twice that for 
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smokers o£ filter cigarettes alone. However, dose-re¬ 
sponse relationships could not be demonstrated between 
relative risk and the proportion of years nonfilter brands 
were smoked or with a cigarette tar index. Among sus¬ 
tained smokers, switching from nonfilter to filter ciga¬ 
rettes was associated with a small reduction in risk {17). 
The results from another recent case-control study con¬ 
ducted in Cuba' also did not show a convincing associa¬ 
tion between tar intake and relative risk of lung cancer 
[19). In a prospective study of British'male civil servahts, 
tar yield ■vvas associated with lung cancer in noninhalers 
but not in inhalers {20). In the United States, investiga¬ 
tions spanning the 1960’s and 1970’s have shown re¬ 
duced risks in smokers who switched from nonfilter to 
filter cigarettes {21-24). Thus our results are supported 
by other studies that show the highest relative risks in 
sustained nonfilter cigarette smokers and no clear evi¬ 
dence of declining risks with increasing use of filter 
cigarettes. We interpret the apparently discrepant find¬ 
ings in Hispanics as reflecting the higher risks asso¬ 
ciated with the smoking of nonfilter cigarettes by this 
group (table 8); as the proportion of filter cigarette 
smoking decreases, that of nonfilter cigarette smoking 
rises and risk increases. 

In the non-Hispanic whiles, the lack of a dose- 
response relationship with extent of filter smoking may 
be explained by methodologic and biologic considera¬ 
tions. We could not estimate total tar intake satisfactor¬ 
ily with our questionnaire. Thus the indices of cigarette 
type that we used may misclassify the subjects’ carcino¬ 
gens. Inaccurate recall of the details of smoking cigarette 
types may also introduce misclassification. Alterations 
of smoking pattern following the switch from nonfilter 
to filter cigarettes may partially compensate for the 
reduced tar and nicotine yields of the filter products, as 
assessed by a machine (5). 

We readily confirmed the reduction in risk that fol¬ 
lows cessation of cigarette smoking. The case series 
included ISO ex-smokers; some had stopped smoking as 
long as 54 years previously. As in other series {17), the 
risk of lung cancer in ex-smokers, in comparison with 
that in continuing smokers, declined steadily with the 
duration of cessation. 

Persons reporting that they inhaled cigarette smoke 
more deeply were at Increased risk. The results of other 
studies on the consequences of reported inhalation prac¬ 
tices are conflicting. In the cohort of British doctors, 
noninhalers had higher lung cancer mortality (25). 
Higenbottam et al. {20) reported similar findings from 
two separate cohort studies: ttie Whitehail study ot iSrit- 
ish civil servants and the U-S.-U.K.-Norwegian mi¬ 
grants study. In these studies, smokers of 20 or more 
cigarettes daily, who reported deeper inhalation, had 
lower lung cancer mortality. Wald et al. {26) have sug¬ 
gested that the increased risks in noninhalers reflect 
increased tar deposition in the proximal airways of the 
upper lobes. However, other studies, in addition to the 
present one, have demonstrated higher risks in inhalers 
than in noninhalers {IS, 19, 27). Unfortunately, none of 
the inhalation questions used in these studies have been 
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validated against appropriate physiologic measures. In a 
study of 10 subjects, Tobin and Sackner {28) found that 
reported inhalation practices were not consistent with 
actual inhalation pattern, as measured with a nonobtru- 
sive device. 

.A.n unexpected finding was the strong interaction 
between age and duration of cigarette smoking. Both 
stratified (tables 3, 4) and logistic approaches (table 5) 
demonstrated a statistically significant reduction in the 
effect of smoking duration as age increased, but a simir 
lar interaction was not present between age and the 
number of cigarettes smoked. Detection of statistically 
significant interaction is model dependent {29). Since 
these data were analyzed with logistic regression, the 
finding of interaction between age and duration implies 
departure from the multiplicative scale. 

In populations with a high incidence of lung cancer, 
cross-sectional, age-specific incidence and mortality rates 
generally decline in the older age groups. This decline 
has generally been considered to reflect cohort-specific 
smoking patterns, though explanations related to under¬ 
diagnosis and selective survival of, less susceptible indi¬ 
viduals have been offered (2, 30, 31). In their analysis of 
lung cancer incidence in the cohort of British doctors, 

Doll and Peto {31) also detected apparently reduced risk 
among older smokers. While lung cancer incidence rose 
uniformly among regular smokers through age 79 years, 
the incidence rates declined in older men, even when the 
rates were standardized for the amount smoked. 

Although this decline in effect of smoking duration 
with age may be interpreted biologically, potential 
sources of bias should also be considered. In discussing 
this phenomenon in the cohort of British doctors, Doll 
and Peto (57) considered potential underdiagnosis of 
lung cancer among the elderly. This explanation is not 
readily applicable to a case-control study, though dis¬ 
ease misclassification, differential on smoking status, 
might increase with age. With increasing age, the inten¬ 
sity of diagnostic evaluation may lessen and clinical 
diagnoses without histologic confirmation may be more 
common in the elderly. Accordingly, lung cancer might 
be diagnosed more often on clinical evidence in smokers 
but overlooked in nonsmokers. If such bias does occur, 
the effect would be an increase with age in measures of 
association between lung cancer and smoking. Alterna¬ 
tively, misclassification of cigarette smoking variables 
might be more frequent in the older cases because of less 
accurate recall by older respondents and an increased 
proportion of surrogate interviews in the older cases. On 
tnc oasts 01 preitimnary imamgs iiom survey uata, nar- 
ris (52) suggested that accuracy of recall of age of start¬ 
ing and stopping smoking declines with increasing 
respondent age. In the present study, surrogate inter¬ 
views were needed more often in older subjects, but the 
findings were unchanged when the analyses were re¬ 
stricted to the subjects who were directly questioned. 
Finally, the interaction could reflect unmeasured aspects 
of cigarette smoking that both influenced the respiratory 
tract dose of carcinogens and were associated with age. 

.Vlternatively, those who develop lung cancer at 
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younger ages may be more susceptible to cigarette smoke 
because o£ endogenous characteristics or unmeasured 
environmental factors. The susceptibility explanation 
implies that the sequence of changes resulting in the 
development of lung cancer may be influenced by host 
characteristics and is not solely stochastic. 

This study readily confirmed the strong relationship 
between cigarette smoking and lung cancer. The risk of 
lung cancer was primarily determined by the amount 
and duration of cigarette use, but it was modified by 
types of cigarettes smoked, inhalation practices, and age. 
However, the findings suggest that the risk of lung 
cancer in smokers can best be reduced by cessation of 
smoking. 
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